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Wkh ghedwh ryhu wd{ frpshwlwlrq yhuvxv wd{ frruglqdwlrq lv ri lqfuhdvlqj uhohydqfh
wr ghflvlrq pdnhuv lq fhqwudo dqg ghfhqwudo srolf| duhqdv1 Fhqwudo dxwkrulwlhv
zruu| derxw wkh gluhfw orvv ri uhdo uhvrxufhv dvvrfldwhg zlwk sxuh wd{ duelwudjh
dfwlylwlhv dqg derxw wkh hurvlrq ri d sduw ri wkh wd{0edvh uhvxowlqj iurp d srvvleoh
udfh wr wkh erwwrp iru frusrudwh wd{hv1 \hw/ wkh| dovr duh plqgixo ri wkh gl!fxow
srolwlfdo g|qdplfv ri frqwuroolqj h!flhqf| ri wkh djjuhjdwh sxeolf vhfwru xqghu
d v|vwhp ri frruglqdwhg udwhv1 Ghfhqwudo dxwkrulwlhv surihvv wr suhihu frpshwlqj
iru exvlqhvv edvhg rq ryhudoo orfdwlrqdo fkdudfwhulvwlfv/ zklfk lqfoxgh d edodqfh
ehwzhhq wd{hv dqg sxeolf surylvlrqv1 Qhyhuwkhohvv/ hdfk ghfhqwudo jryhuqphqw kdv
dq lqfhqwlyh wr xvh wd{ srolf| wr gudz lq preloh surgxfwlrq idfwruv dqg wr frpsodlq
wr wkh fhqwudo dxwkrulw| derxw vxfk ehkdylru iurp rwkhu ghfhqwudo jryhuqphqwv1
Wklv sdshu surylghv d vpdoo slhfh ri hpslulfdo hylghqfh qhhghg wr ixuwkhu wkh
ghedwh1 Zh gr qrw dgguhvv wkh lvvxh ri krz/ dqg krz pxfk/ wd{ udwhv dqg wd{
glhuhqfhv dhfw wkh doorfdwlrq ri uhdo hfrqrplf uhvrxufhv zlwklq dqg ehwzhhq
mxulvglfwlrqv1 Wkh sdshu grhv lvrodwh dqg txdqwli| sxuh surw vkliwlqj ehwzhhq
orfdwlrqv lqgxfhg e| glhuhqfhv lq frusrudwh wd{ udwhv1 4 Wkh srwhqwldo vfrsh
iru surw vkliwlqj lv vl}hdeoh ehfdxvh ri wkh rqjrlqj hfrqrplf lqwhjudwlrq dqg wkh
lqfuhdvlqj yroxph ri wudgh lq lqwhuphgldwh jrrgv1 Fdvxdo revhuydwlrq xqghuolqhv
wkh lpsruwdqfh ri wkh lvvxh1 Iru h{dpsoh/ Zhlfkhqulhghu +4<<9, glvfxvvhv vrph
fdvhv ri surw vkliwlqj rxw ri Jhupdq|/ zklfk iru d orqj wlph kdv kdg wkh kljkhvw
frusrudwh wd{ udwh dprqj wkh J: frxqwulhv1 D sduwlfxoduo| lqwhuhvwlqj h{dpsoh lv
EPZ/ wkh Jhupdq fdu surgxfhu/ zkrvh wd{ sd|phqwv lq Jhupdq| dv d vkduh ri
lwv zruogzlgh wd{ sd|phqwv gursshg iurp ;;( lq 4<;; wr 8( lq 4<<5 dqg 049( lq
4<<61 EPZ*v qdqfldo gluhfwru sxeolfo| vwdwhg wkdw klv frusrudwlrq wulhg wr vkliw
frvwv wr zkhuh wd{hv zhuh kljkhvw/ zklfk zdv Jhupdq|15
Wkh hylghqfh lv wkdw wkh dprxqw ri surw vkliwlqj dfwxdoo| wdnlqj sodfh lv
erwk vwdwlvwlfdoo| dqg hfrqrplfdoo| vljqlfdqw dfurvv d ydulhw| ri glhuhqw hpslu0
lfdo vshflfdwlrqv1 Rxu edvholqh hvwlpdwhv vxjjhvw wkdw/ rq dyhudjh/ d xqlodwhudo
lqfuhdvh lq wkh frusrudwh wd{ udwh grhv qrw ohdg wr dq lqfuhdvh lq frusrudwh wd{
uhyhqxhv rzlqj wr d pruh wkdq rvhwwlqj ghfolqh lq uhsruwhg surwv1 Dfwxdoo|/ d
edfn0ri0wkh0hqyhorsh fdofxodwlrq vxjjhvwv wkdw/ frpsduhg wr zkhq surw vkliwlqj lv
devhqw/ d xqlodwhudo rqh0shufhqwdjh srlqw lqfuhdvh lq wkh frusrudwh wd{ udwh ohdgv
wr d 6( uhgxfwlrq lq frusrudwh wd{ uhyhqxhv1
Wkh sdshu forvhv zlwk vrph srolf| dgylfh/ sduwo| edvhg rq wkh suhvhqwhg hy0
lghqfh dqg sduwo| edvhg rq hfrqrplf uhdvrqlqj1 Lq dq| fdvh/ lqfuhdvlqj wkh h{0
4Iurp qrz rq zh uhihu wr ￿sur￿w vkliwlqj￿ ru ￿lqfrph vkliwlqj￿ dv wkh vkliwlqj ri uhsruwhg
sur￿wv zlwkrxw dq| fruuhvsrqglqj fkdqjh lq uhdo dfwlylw|1
5Kdqghoveodww/ 59 Pdufk 4<<6/ s151
4shfwhg frvw wr exvlqhvv ri plvuhsuhvhqwlqj surwv/ hlwkhu wkurxjk lqfuhdvhg prq0
lwrulqj ru wkurxjk lqfuhdvhg shqdowlhv/ vkrxog orzhu wkh phdvxuhg ohdndjh hhfw1
Wkh uhvhdufk uhsruwhg lq wklv sdshu qrw rqo| surylghv hylghqfh uhohydqw wr
srolf| pdnhuv/ exw frqwulexwhv wr wkh dfdghplf ghedwh rq lqwhuqdwlrqdo wd{ lvvxhv
dv zhoo dv wr wkdw rq lqwhuqdwlrqdo surgxfwlylw| frpsdulvrqv1 Zkloh txlwh vrph
hpslulfdo zrun kdv ehhq grqh rq surw vkliwlqj ri X1V1 pxowlqdwlrqdov/ kdugo| dq|
vxfk zrun kdv ehhq grqh iru wkh rwkhu RHFG frxqwulhv1 Ixuwkhu/ suhylrxv zrun
kdv hlwkhu ehhq frqfhuqhg zlwk lqglylgxdo upv lq wzr frxqwulhv/ ru zlwk pdfurh0
frqrplf gdwd lq pxowlsoh frxqwulhv1 Wklv sdshu wdnhv dq lq0ehwzhhq srvlwlrq dqg
frqvlghuv hylghqfh iru glvdjjuhjdwhg lqgxvwuldo vhfwruv iru d jurxs ri lqgxvwuldo0
l}hg frxqwulhv1 Ilqdoo|/ wklv sdshu ghyhorsv d qryho phwkrg iru lvrodwlqj wkh sxuh
hhfwv ri surw vkliwlqj/ e| frqwuroolqj iru wkh hhfwv ri wd{hv dqg xqrevhuyhg
surgxfwlylw| rq uhdo uhvrxufh doorfdwlrq1
Rxu frqwulexwlrq wr lqwhuqdwlrqdo surgxfwlylw| frpsdulvrqv pd| qrw vhhp hyl0
ghqw dw uvw jodqfh1 Krzhyhu/ surw vkliwlqj ru lqfrph vkliwlqj ehwzhhq frxqwulhv
iru wd{ sxusrvhv lqwurgxfhv glvwruwlrqv lq phdvxuhg surgxfwlylw|= vdohv lq d orz
wd{ frxqwu| pd| eh ryhu0uhsruwhg dqg lqwhuphgldwh lqsxwv xqghu0uhsruwhg1 Zlwk0
rxw fkdqjhv lq xqghuo|lqj whfkqrorj| dqg dvvxplqj fruuhfw phdvxuhphqw ri sulfh
gh dwruv/ wkh vkliwlqj ri lqfrph dqg h{shqvhv zloo ohdg wr lqfuhdvhv lq phdvxuhg
surgxfwlylw| lq d frxqwu| wkdw orzhuv lwv frusrudwh wd{ udwh1 Wklv revhuydwlrq
kdv ehhq pdgh lq wkh frpsdulvrq ri surgxfwlylw| ehwzhhq vlplodu upv lq Luhodqg
dqg wkh X1N +Eluqlh/ 4<<9,1 Zh xvh wklv lqvljkw dv prwlydwlrq iru rxu vwudwhj| wr
hvwlpdwh wkh pdjqlwxgh ri lqfrph vkliwlqj1
Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh
uhodwhg olwhudwxuh1 Vhfwlrq 6 prwlydwhv wkh hpslulfdo prgho/ zkloh vhfwlrq 7 gh0
vfulehv wkh gdwd1 Vhfwlrq 8 suhvhqwv dqg glvfxvvhv wkh hpslulfdo uhvxowv1 Ilqdoo|/
vhfwlrq 9 frqfoxghv wkh pdlq erg| ri wkh sdshu1
51 Uhodwhg olwhudwxuh
Wd{ uhyhqxhv ghshqg rq wd{ udwhv dqg wkh wd{ edvh1 Zkloh wd{ udwhv duh xqghu
wkh frqwuro ri wkh vfdo dxwkrulwlhv/ wkh wd{ edvh lv hqgrjhqrxv dqg pd| fkdqjh dv
wd{ udwhv fkdqjh1 Lq wkh vlpsohvw srvvleoh prgho ri d forvhg hfrqrp|/ dq lqfuhdvh
lq wkh frusrudwh wd{ udwh uhgxfhv wkh uhwxuq rq fdslwdo dqg/ khqfh/ wkh lqfhqwlyh
wr lqyhvw1 Surgxfwlrq ru hfrqrplf dfwlylw| zloo/ wkhuhiruh/ eh orzhu1 Pdwwhuv duh
pruh frpsolfdwhg zkhq hfrqrplhv duh rshq dqg wkhuh lv fdslwdo prelolw|1 D idoo
lq d frxqwu|*v wd{ udwh qrw rqo| udlvhv ryhudoo hfrqrplf dfwlylw| lq wkh zruog/ lw
dovr dwwudfwv dfwlylw| dzd| iurp rwkhu frxqwulhv1 E| rshqlqj xs/ d frxqwu| pljkw
h{shfw d ulvh lq wkh hodvwlflw| ri lwv wd{ edvh zlwk uhvshfw wr wkh frusrudwh wd{
udwh1
5Vhyhudo hpslulfdo frqwulexwlrqv lq wkh olwhudwxuh kdyh wulhg wr dvvhvv wkh pdj0
qlwxgh ri wkh uroh sod|hg e| wd{ udwhv1 Klqhv +4<<9d, h{soruhv krz vwdwh lqfrph
wd{hv dhfw wkh vrxufh frxqwu| ri iruhljq lqyhvwphqw lq X1V1 vwdwhv1 Lqyhvwphqw
vkduhv ri lqyhvwruv iurp frxqwulhv wkdw surylgh iruhljq wd{ fuhglwv iru wd{hv sdlg lq
wkh X1V1 duh vxevwdqwldoo| odujhu lq kljk0wd{ vwdwhv1 Ghyhuhx{ dqg Jul!wk +4<<;,
qg wkdw/ dowkrxjk wd{ udwhv gr qrw vhhp wr dhfw wkh ghflvlrq ri X1V1 frpsdqlhv
wr surgxfh lq Hxursh ru qrw/ frqglwlrqdo rq surgxfwlrq lq Hxursh wkh| kdyh d
vwurqj hhfw rq wkh ghflvlrq lq zklfk frxqwu| wr orfdwh1 D rqh0shufhqw lqfuhdvh lq
wkh hhfwlyh dyhudjh wd{ udwh uhgxfhv wkh suredelolw| ri orfdwlrq e| ehwzhhq 318(
dqg 416(1
Lq dq rshq hfrqrp|/ wd{ udwh glhuhqfhv fdq dhfw uhsruwhg surwv qrw rqo|
yld wkhlu hhfw rq uhdo dfwlylw|/ exw dovr fdq lq xhqfh uhsruwhg surwv wkurxjk wkh
sxuh vkliwlqj ri surwv rq sdshu1 Wkhuh lv d ydulhw| ri zd|v wr vkliw surwv1 Rqh
srvvlelolw| frqfhuqv wkh doorfdwlrq ri frpprq h{shqvhv dfurvv glhuhqw d!oldwhv ri
wkh vdph pxowlqdwlrqdo1 Dqrwkhu zd| wr vkliw surwv lv wr qdqfh qhz vxevlgldulhv
lq kljk0wd{ frxqwulhv zlwk ghew lqvwhdg ri htxlw|1 Ri frqfhuq lq wklv sdshu lv wkh
pdqlsxodwlrq ri wudqvihu sulfhv iru furvv0erughu lqwud0up gholyhulhv ri jrrgv dqg
vhuylfhv1 Dowkrxjk wkh RHFG Prgho Wd{ Frqyhqwlrq dqg wkh RHFG Wudqvihu
Sulflqj jxlgholqhv fdoo iru wkh xvh ri wkh dup*v ohqjwk sulqflsoh/6 lq sudfwlfh/ wkh
dssolfdwlrq ri wkh sulqflsoh lv riwhq sureohpdwlf1 Iru h{dpsoh/ iru pdq| lqwud0up
wudqvdfwlrqv wkhuh h{lvwv qr frpsdudeoh pdunhw1 Wklv lv lq sduwlfxodu wkh fdvh iru
lqwhoohfwxdo surshuw|/ ghyhorshg e| rqh sduw ri wkh pxowlqdwlrqdo frpsdq| dqg
xvhg e| rwkhu sduwv ri wkh frpsdq| lq rwkhu frxqwulhv1
Wkh lqfhqwlyhv iru surw vkliwlqj ghshqg lq wkh uvw sodfh rq wkh glhuhqfh lq
frusrudwh wd{ udwhv ehwzhhq frxqwulhv dqg wkh v|vwhp wkdw uhvlghqfh frxqwulhv xvh
wr dyrlg grxeoh wd{dwlrq1 Hyhu|wklqj hovh htxdo/ wkh jdlqv iurp surw vkliwlqj duh
odujhvw iru frpsdqlhv wkdw uhvlgh lq frxqwulhv zkhuh wkh h{hpswlrq v|vwhp suhydlov
+iru h{dpsoh/ Iudqfh dqg wkh Qhwkhuodqgv,1 Rqfh lw kdv ehhq wd{hg deurdg/ iruhljq
lqfrph lv h{hpswhg iurp krph0frxqwu| wd{dwlrq1 Xqghu wkh vr0fdoohg fuhglw dqg
ghihuudo v|vwhp +iru h{dpsoh/ Mdsdq/ wkh X1N1 dqg wkh X1V1,/ frpsdqlhv uhfhlyh
d wd{ fuhglw iru wd{hv sdlg derudg1 Jdlqv iurp surw vkliwlqj sulpdulo| dulvh rxw
ri wkh idfw wkdw krph wd{ sd|phqw lv ghihuuhg xqwlo lqfrph lv uhsdwuldwhg wr wkh
krph frxqwu|1
H{fhoohqw vxuyh|v ri wkh olwhudwxuh fdq eh irxqg lq Klqhv +4<<9e, dqg Qhzorq
+4<<:,1 Wkh olwhudwxuh vxjjhvwv wkdw iru wkh X1V1 surw vkliwlqj lv uhohydqw dqg
riwhq vl}deoh1 Vrph vwxglhv duh edvhg rq frxqwu|0ohyho gdwd1 Iru h{dpsoh/ Jux0
ehuw dqg Pxwwl +4<<4, lqyhvwljdwh wkh vhqvlwlylw| ri wrwdo iruhljq hduqlqjv ri X1V1
6Wkh dup*v ohqjwk sulqflsoh uhtxluhv sulfhv iru wudqvdfwlrqv ehwzhhq gl￿huhqw sduwv ri wkh
vdph pxowlqdwlrqdo wr eh vhw dw vdph ohyho dv sulfhv wkdw duh dssolhg wr vlplodu wudqvdfwlrqv
ehwzhhq xquhodwhg sduwlhv1
6d!oldwhv wr frusrudwh wd{ udwhv iru d furvv vhfwlrq ri rwkhu frxqwulhv1 Lq d vlplodu
yhlq/ Klqhv dqg Ulfh +4<<7, h{soruh wkh uhodwlrq ehwzhhq uhsruwhg surwdelolw| ri
iruhljq d!oldwhv ri X1V10frqwuroohg upv dqg krvw0frxqwu| wd{ udwhv/ zkloh frq0
wuroolqj iru fdslwdo dqg oderu lqsxwv1 Vhyhudo vwxglhv wkdw xvh up ohyho gdwd dovr
qg hylghqfh wkdw lv +lq sulqflsoh, frqvlvwhqw zlwk lqfrph vkliwlqj1 Kduulv hw do1
+4<<6, qg wkdw wkh suhvhqfh ri d!oldwhv lq orz0wd{ frxqwulhv lv dvvrfldwhg zlwk
orzhu wd{ oldelolwlhv lq wkh X1V1 Juxehuw +4<<;, ghwhfwv d qhjdwlyh uhodwlrqvkls
ehwzhhq uhsruwhg vxevlgldu| lqfrph dqg wkh vwdwxwru| frusrudwh wd{ udwh lq wkh
krvw frxqwu|1 Ilqdoo|/ Juxehuw dqg Vohpurg +4<<;, irfxv rq surw vkliwlqj ri
X1V1 pxowlqdwlrqdov wr Sxhuwr Ulfr1 Ehfdxvh ri wkh vr0fdoohg srvvhvvlrqv wd{
fuhglw/ lqfrph jhqhudwhg lq Sxhuwr Ulfr lv lq hhfw frpsohwho| h{hpsw iurp X1V1
frusrudwh wd{dwlrq/ zkloh wd{dwlrq e| wkh Sxhuwr Ulfdq dxwkrulwlhv lv yluwxdoo|
qhjoljleoh1 Rqh ri wkh pdlq ihdwxuhv ri wkh dqdo|vlv lv wkdw lw wuhdwv surw vkliwlqj
dqg uhdo lqyhvwphqw dv mrlqw ghflvlrqv/ ehfdxvh pruh uhdo lqyhvwphqw idflolwdwhv
surw vkliwlqj1
61 Hpslulfdo prwlydwlrq
Surw vkliwlqj ohdgv wr glhuhqfhv ehwzhhq uhsruwhg lqfrph dqg wkh wuxh lq0
frph jhqhudwhg e| sk|vlfdo dfwlylw|1 Uhyhqxh iurp surgxfwlrq lv xqghuuhsruwhg
+ryhuuhsruwhg, lq frxqwulhv zlwk uhodwlyho| kljk +orz, wd{ udwhv/ ehfdxvh wkh up
fodlpv orzhu0 +kljkhu0, wkdq0pdunhw sulfhv iru lqwud0up lqwhuqdwlrqdo vklsphqwv
ri lwv surgxfwv1 Lqyhuvho|/ lqwhuphgldwhv sxufkdvhv pd| eh xqghuuhsruwhg +ryhuuh0
sruwhg, e| lqwhuqdwlrqdoo| rshudwlqj upv lq frxqwulhv zlwk uhodwlyho| orz +kljk,
wd{ udwhv1 Frqvhtxhqwo|/ uhsruwhg qrplqdo ydoxh dgghg +T/ uhyhqxh ohvv lqwhu0
phgldwh sxufkdvhv, lq d frxqwu| lv qhjdwlyho| dhfwhg e| wkh ohyho ri lwv frusrudwh
wd{ udwh uhodwlyh wr wudglqj sduwqhuv1 Surw vkliwlqj fdxvhv vwdwlvwlfv rq qrplqdo





zkhuh 'W lv dfwxdo uhdo ydoxh dgghg dqg |o lv wkh lpsolflw +dqg xqrevhuyhg, sulfh







Y( 	 fc +614,
zkhuh ( lv wkh glhuhqfh ehwzhhq wkh wd{ udwh lq wkh krph frxqwu| dqg wkh
frxqwu| zlwk zklfk lqwud0up wudgh wdnhv sodfh1
7Wkh vwdwlvwlfdo r!fh xvhv surshu sulfh txrwhv rq pdunhw wudqvdfwlrqv/ vr wkdw
sulfh vwdwlvwlfv dqg dfwxdo pdunhw/ ru dupv0ohqjwk/ sulfhv frlqflgh=  ' W/z k h u h
 lv wkh surgxfw ru pdwhuldov sulfh phdvxuhg e| wkh vwdwlvwlfdo r!fh1 Uhjdugohvv ri
wkh phwkrg xvhg wr gh dwh ydoxh dgghg/ surw vkliwlqj fdxvhg e| kljkhu wd{hv zloo
uhgxfh wkh lpsolflw wudqvihu sulfh |o uhodwlyh wr wkh r!fldo gh dwru 1U h d oy d o x h
dgghg vwdwlvwlfv +', duh wkxv frqwdplqdwhg zlwk plvphdvxuhphqw iurp lqfrph











Lq rughu wr hvwlpdwh wkh pdjqlwxgh dqg vljqlfdqfh ri wkh lqfrph0vkliwlqj
sureohp/ rqh zrxog qhhg wr ghwhuplqh dfwxdo uhdo ydoxh dgghg/ 'W/ dqg qg rxw
zkhwkhu lw glhuv v|vwhpdwlfdoo| zlwk wd{ udwhv iurp uhsruwhg uhdo ydoxh dgghg1
Xqiruwxqdwho|/ wzr sudfwlfdo sureohpv vwdqg lq wkh zd|1 Iluvw/ dfwxdo uhdo ydoxh
dgghg lv qrw revhuyhg1 Qh{w/ dfwxdo uhdo ydoxh dgghg pd| lwvhoi eh dhfwhg e| wd{
udwhv/ ehfdxvh lqwhuqdwlrqdo upv pdnh juhhqhog dqg h{sdqvlrq lqyhvwphqw
ghflvlrqv edvhg rq dyhudjh dqg pdujlqdo hhfwlyh wd{ udwhv/ uhvshfwlyho|1 Wkh
iroorzlqj ghulydwlrq vkrzv krz zh frqwuro iru wklv lq rughu wr hpslulfdoo| lghqwli|
eE( xvlqj revhuyhg gdwd1
Wkh edvlf lqvljkw iru wkh hvwlpdwlrq vwudwhj| frphv iurp ylhzlqj wkh wudqv0
ihu sulflqj sureohp dv dq huuruv0lq0yduldeohv sureohp lq hvwlpdwlqj d surgxfwlrq
ixqfwlrq1 Wkh lghqwlfdwlrq lvvxh lv wr glvhqwdqjoh wkh plvphdvxuhphqw frpsr0
qhqw dqg wkh surgxfwlylw| uhvlgxdo frpsrqhqw17 Dqdorjrxv wr wkh dssurdfk ri
Urhjhu +4<<8, iru glvhqwdqjolqj pdun0xsv dqg surgxfwlylw| pryhphqwv/ zh wdnh
d udwlr ri qrplqdo rxwsxw dqg qrplqdo lqsxw h{shqvhv/ lq rughu wr fdqfho rxw wkh
xqrevhuyhg surgxfwlylw| vkrfn1
Zh vwduw zlwk d vwdqgdug surgxfwlrq ixqfwlrq/ dqg wkh uvw0rughu frqglwlrq




zkhuh g lv fdslwdo dqg u lv oderu lqsxw/ dqg  lv xqrevhuyhg +e| wkh hfrqrph0
wulfldq, surgxfwlylw|1
Zh dvvxph wkdw wkh pxowlqdwlrqdo kluhv oderu xqwlo wkh zdjh htxdov wkh pdujlqdo





7Iru dq ryhuylhz ri vrph ri wkh lghqwl￿fdwlrq sureohpv lq hvwlpdwlqj surgxfwlylw|/ vhh Edu0
whovpdq dqg Grpv +5333,1
8Zlwk d Free0Grxjodv whfkqrorj| dqg frqvwdqw uhwxuqv wr vfdoh/ lq v|perov 8Egcu'
g￿3kuk/ zh jhw wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh revhuyhg +uhflsurfdo ri wkh,








zkhuh k lv wkh rxwsxw hodvwlflw| ri oderu iurp wkh Free0Grxjodv surgxfwlrq ixqf0
wlrq1 Qrwh wkdw wkh xqrevhuyhg surgxfwlylw| whup  fdqfhov rxw1 Zh uhihu wr wkh
ohiw0kdqg vlgh ri +615, dv wkh ydoxh0oderu udwlr1 Wkh dgydqwdjh ri xvlqj +615, lq
wkh hpslulfdo dqdo|vlv/ lv wkdw zh frqwuro iru wkh hhfw wkdw wd{ udwhv pd| kdyh
rq wkh vfdoh ri rshudwlrqv18 Xqghu Free0Grxjodv/ wkh vfdoh ri rshudwlrqv dqg wkh
zdjh0uhqwdo udwlr zloo qrw dhfw wkh oderu vkduh ri lqfrph1 Wkh odwwhu lv qr orqjhu
wkh fdvh iru d frqvwdqw hodvwlflw| ri vxevwlwxwlrq +FHV, surgxfwlrq whfkqrorj|/
zkhuh dq lqfuhdvh lq wkh frvw ri fdslwdo dv d uhvxow ri wd{ udwh fkdqjhv lpsolhv
d vxevwlwxwlrq wrzdugv oderu1 Zlwk d FHV surgxfwlrq whfkqrorj|/ lq v|perov











zkhuh S  dB*E  Bo ghshqgv rq wkh FHV sdudphwhuv dqg  o ghqrwhv wkh wd{0
ghshqghqw Mrujhqvrq0Kdoo xvhu frvw ri fdslwdo1 Ehfdxvh wkh ixqfwlrqdo uhodwlrq
ehwzhhq wd{hv dqg wkh xvhu frvw ri fdslwdo lv zhoo nqrzq/  o fdq eh frqvwuxfwhg
iurp wkh dydlodeoh gdwd/ dqg rqo| wkh FHV sdudphwhuv dqg wkh ixqfwlrq eE(
qhhg wr eh hvwlpdwhg1
71 Wkh gdwd
Zh rewdlq rxu gdwd iurp ydulrxv vrxufhv1 Gdwd rq oderu frpshqvdwlrq dqg ydoxh0
dgghg duh wdnhq iurp wkh RHFG*v Vwuxfwxudo Dqdo|vlv Gdwdedvh +VWDQ,1 Wklv
lv d vhfwrudo gdwdedvh/ zklfk frpsulvhv pdq| ri wkh RHFG frxqwulhv +d olvw ri wkh
vhfwruv dqg wkh frxqwulhv lqfoxghg lq wkh dqdo|vlv fdq eh irxqg lq wkh Dsshqgl{
E,1 Wkh pd{lpxp wlph vhulhv ohqjwk fryhuhg e| wkh VWDQ lv 4<:304<<:1 Pruh
ghwdlov derxw wkh VWDQ fdq eh irxqg lq RHFG Vwdwlvwlfv +4<<<,1 Zh wdnh wkh
orqj0whup lqwhuhvw udwh dqg wkh sulfh gh dwru iru lqyhvwphqw iurp wkh dqqxdo
hfrqrplf lqglfdwruv gdwdedvh ri wkh RHFG1
Khdgolqh frusrudwh wd{ udwhv duh rewdlqhg iurp ydulrxv lvvxhv ri SulfhZdwhu0
krxvhFrrshuv* Lqwhuqdwlrqdo Wd{ Vxppdulhv1 Iljxuh 914 ghslfwv khdgolqh udwhv
iru d vxevhw ri wkh RHFG frxqwulhv1 Wkh jxuh uhsuhvhqwv wkh pdlq vw|ol}hg idfwv
iru wkh ixoo vhw ri frxqwulhv xvhg lq rxu dqdo|vlv1 Iluvw/ wkhuh kdv ehhq d grzqzdug
8Dsshqgl{ D suhvhqwv dq h{dpsoh ri d pruh uljrurxv plfurirxqgdwlrq iru uhodwlrqvkls +615,1
9wuhqg lq frusrudwh wd{ udwhv +wklv lv frquphg e| wkh xqzhljkwhg dyhudjh frusr0
udwh wd{ udwh/ zklfk idoov iurp 7718( lq 4<:< wr 6814( lq 4<<:,1 Lq sduwlfxodu/
frxqwulhv wkdw vwduwhg wkh vdpsoh shulrg zlwk kljk frusrudwh wd{ udwhv/ vxfk dv
Dxvwuld/ Iudqfh/ wkh Qhwkhuodqgv dqg wkh Xqlwhg Nlqjgrp kdyh vxevwdqwldoo| uh0
gxfhg wkhlu wd{ udwhv1 Vhfrqg/ wkh vsuhdg lq frusrudwh wd{ udwhv ehwzhhq frxqwulhv
kdv ehhq uhgxfhg1 Wklug/ wkhuh zdv vxevwdqwldo yduldwlrq lq wd{ udwhv zlwklq dqg
ehwzhhq frxqwulhv/ hvshfldoo| gxulqj wkh 4<;3v1
81 Hfrqrphwulf vshflfdwlrq dqg hvwlpdwlrq uhvxowv
Wkh ixqfwlrqdo irup ri wkh wudqvihu0sulflqj uhvsrqvh wr wd{hv eE( lv dvvxphg
wr wdnh wkh irup d sulfh pdun0xs zklfk ydulhv olqhduo| lq wkh ghyldwlrq ehwzhhq
frxqwu| vshflf dqg dyhudjh wd{ udwhv1 Htxdwlrq +615, lv xvhg dv wkh edvlv iru wkh
iroorzlqj hvwlpdwlqj htxdwlrq=
T￿￿| ' SSr|  E n Sr7 
(
￿￿|n"￿￿|c
zkhuh T￿￿| lv wkh revhuyhg ydoxh0oderu udwlr lq frxqwu| /v h f w r u dqg wlph shulrg
|/d q gz k h u h





























_c￿￿| lv dq lqglfdwru wkdw htxdov 4 li revhuydwlrq | ehorqjv wr frxqwu|
_/ dqg htxdov 3 rwkhuzlvh> Ur
_c￿￿| lv dq lqglfdwru wkdw htxdov 4 li revhuydwlrq |
ehorqjv wr vhfwru _/ dqg htxdov 3 rwkhuzlvh> U￿
_c￿￿| lv dq lqglfdwru wkdw htxdov 4 li
revhuydwlrq | ehorqjv wr |hdu _/ dqg htxdov 3 rwkhuzlvh1 Ixuwkhu/ 7 (
￿￿| +phdvxuhg
lq shufhqwdjh srlqwv, lv wkh glhuhqfh ehwzhhq wkh khdgolqh frusrudwh wd{ udwh
lq vhfwru  ri frxqwu|  dw wlph | iurp wkh zhljkwhg dyhudjh ri khdgolqh wd{hv
ri doo frxqwulhv lq wkh vdpsoh19 Dowkrxjk surw vkliwlqj pd| eh dhfwhg e| wkh
suhvhqfh ri rwkhu wd{hv dqg furvv0frxqwu| glhuhqfhv ehwzhhq wkhp/ dw wkh pdujlq
wkh jdlq iurp vkliwlqj dq dgglwlrqdo groodu vkrxog iru d odujh sduw eh ghwhuplqhg
e| wkh glhuhqfh lq khdgolqh frusrudwh wd{ udwhv1 Lq glhuhqw vshflfdwlrqv wkh
frh!flhqwv S dqg  duh lqwhudfwhg zlwk frpelqdwlrqv ri frxqwu|/ vhfwru/ dqg2ru
wlph gxpplhv lq rughu wr vzhhs rxw {hg hhfwv dqg wr doorz wkh vhqvlwlylw| ri
wudqvihu0sulflqj wr wd{hv wr ydu| e| vhfwru ru frxqwu|1
9Iru hdfk vhfwru/ wkh dyhudjh wd{ udwh lv frpsxwhg xvlqj vhfwrudo surgxfwlrq dv uhodwlyh
zhljkwv1 Iru wklv uhdvrq/ ￿ ￿G ydulhv voljkwo| ehwzhhq vhfwruv lq d frxqwu|1 Wkh frqvlghudwlrq
zdv wkdw wudqvihu0sulflqj wdnhv sodfh ehwzhhq d!oldwhv zlwklq d vhfwru/ rzlqj wr wd{hv gl￿hulqj
iurp wkrvh lq uhohydqw frxqwulhv1 Wkh zhljkwlqj vfkhph/ krzhyhu/ grhv qrw dssuhfldeo| dowhu rxu
uhvxowv1







4*E43￿￿oE n Sr7 
(
￿￿|n"￿￿|c
zlwk SSr| dv jlyhq deryh1 Wkh xvhu frvw ri fdslwdo lv jlyhq e|  o￿￿| ' Uc￿|
o￿|nw3￿ ^￿|
￿3￿￿| E
~c￿|/z k h u ho lv wkh orqj0whup lqwhuhvw udwh/ U lv wkh lqyhvwphqw gh dwru/ w lv
wkh ghsuhfldwlrq udwh/  ^ lv wkh h{shfwhg dssuhfldwlrq ri fdslwdo/  lv wkh frusrudwh
wd{ udwh dqg ~ lv wkh suhvhqw glvfrxqwhg wd{ ydoxh ri ghsuhfldwlrq ghgxfwlrqv1 Lq
wkh hpslulfdo zrun/ w 'f fH/d q g~ lv fdofxodwhg dvvxplqj vwdwlf h{shfwlrqv rq
ixwxuh wd{ udwhv/ d frqvwdqw glvfrxqw udwh +9(,/ dqg jhrphwulf ghsuhfldwlrq +45
|hdu olih,1
8141 Edvholqh uhvxowv
Wdeoh 4 vxppdul}hv rxu pdlq uhvxowv1 Lq fdvh D/ wkh vhqvlwlylw| ri wkh ydoxh0
oderu udwlr zlwk uhvshfw wr wkh wd{ fkdqjhv lv doorzhg wr ydu| dfurvv frxqwulhv1
Wkh udwlrqdoh iru kdylqj  ydu| ryhu frxqwulhv lv wkdw frxqwulhv pd| glhu lq wkh
hqirufhphqw ri wkh wudqvihu sulflqj uxohv1 Lq dgglwlrq/ lq vrph frxqwulhv hfrqrplf
dfwlylw| pd| eh uhodwlyho| pruh frqfhqwudwhg wkdq lq rwkhu frxqwulhv lq vhfwruv
zkhuh wkh vfrsh iru surw vkliwlqj lv odujhu1 Wkh hvwlpdwh ri  uhsruwhg lq wkh
wdeoh lv wkh dyhudjh ri wkh hvwlpdwhv ryhu wkh frxqwulhv1 Wkh dyhudjh hvwlpdwh iru
 lv qhjdwlyh dqg kljko| vljqlfdqw/ lqglfdwlqj wkdw dq lqglylgxdo lqfuhdvh lq wkh
frusrudwh wd{ udwh ohdgv wr d vkliw ri uhsruwhg surwv wr wkh rwkhu RHFG frxqwulhv1
Surw vkliwlqj lq uhvsrqvh wr wd{ udwh fkdqjhv vhhpv wr eh sduwlfxoduo| lpsruwdqw
iru Vsdlq/ Mdsdq dqg Sruwxjdo1
Wkh vl}h ri wkh vkliw lq uhsruwhg surwv lv odujh1 Wdeoh 5 suhvhqwv d edfn0ri0wkh
hqyhorsh fdofxodwlrq ri wkh hhfw ri d xqlodwhudo rqh0shufhqwdjh srlqw lqfuhdvh lq
wkh khdgolqh frusrudwh wd{ udwh rq surwv ehiruh wd{hv dqg rq wrwdo frusrudwh
wd{ uhyhqxhv1 Wkh fdofxodwlrq lv edvhg rq wkh fdvh ri d Free0Grxjodv surgxfwlrq
ixqfwlrq zlwk  ydu|lqj dfurvv frxqwulhv +fdvh D lq Wdeoh 4,1 Wkh fdofxodwlrq
dvvxphv dq htxlw|2wrwdo dvvhwv udwlr ri fD dqg d frusrudwh wd{ udwh ri .DI1W k h
htxlw|2wrwdo dvvhwv udwlr lv wkh xqzhljkwhg dyhudjh ri wkh fruuhvsrqglqj qxpehuv
ri wkh J: frxqwlhv iru 4<<4 dv uhsruwhg lq Udmdq dqg ]lqjdohv +4<<8,1: Wkh
frusrudwh wd{ udwh lv wkh xqzhljkwhg dyhudjh ri wkh J: khdgolqh udwhv1 Dw wkh
:Wdeoh LLL/ sdqho D/ lq Udmdq dqg ]lqjdohv +4<<8, uhsruwv dyhudjhv ri qrqhtxlw| oldelolwlhv wr
wrwdo dvvhw udwlrv iru wkh J: frxqwulhv1 Wkh qxpehuv duh edvhg rq frqvrolgdwhg edodqfh vkhhwv lq
4<<4 ri vdpsohv ri qrq0￿qdqfldo ￿upv1 Zh xvh wkh froxpq edvhg rq pdunhw ydoxhv dqg frpsxwh
wkh htxlw|2wrwdo dvvhwv udwlrv dv 3=89 iru wkh X1V1/ 3=88 iru Mdsdq/ 3=77 iru Jhupdq|/ 3=6< iru
Iudqfh/ 3=66 iru Lwdo|/ 3=8; iru wkh X1N1 dqg 3=86 iru Fdqdgd1 Wkh xqzhljkwhg dyhudjh lv 3=7;/
zklfk lv forvh wr rxu edvholqh qxpehu ri 3=81
;pdujlq/ qhw uhwxuqv +srvvleo| dgmxvwhg iru glhuhqfhv lq ulvn, rq ghew dqg htxlw|
vkrxog eh htxdwhg1 Ehfdxvh lw lv kdug wr rewdlq d uholdeoh jxuh iru wkh hhfwlyh
wd{ udwh rq lqwhuhvw lqfrph/ zh vlpso| dvvxph wkdw lqwhuhvw lqfrph dw wkh shuvrqdo
ohyho lv wd{hg dw wkh vdph udwh dv frusrudwh surwv1 Zlwk dq htxlw|2wrwdo dvvhwv
udwlr ri fD dqg htxdo qhw uhwxuqv rq ghew dqg htxlw|/ lq wkh lqlwldo vlwxdwlrq/ kdoi ri
zkdw lv ohiw ryhu diwhu frpshqvdwlqj oderu vkrxog jr wr ghew surylghuv1 Wkh wdeoh
vkrzv wkdw dq lqfuhdvh lq wkh wd{ udwh uhgxfhv frusrudwh wd{ uhyhqxhv/ dowkrxjk wkh
uhgxfwlrq lv txlwh vpdoo1 Lq wkh devhqfh ri surw vkliwlqj +khqfh/ uhsruwhg surwv
duh qrw dhfwhg e| wkh wd{ lqfuhdvh,/ frusrudwh wd{ uhyhqxhv zrxog kdyh ulvhq wr
.D1 Khqfh/ wkh shufhqwdjh ri uhyhqxhv gxh wr vkulqndjh ri wkh +uhsruwhg, wd{
edvh lv 2.I1; Dowkrxjk wkhvh jxuhv vkrxog eh vhhq rqo| dv urxjk hvwlpdwhv/
jlyhq wkh dvvxpswlrqv wkdw zh pdgh/ wkh| jlyh dq lqglfdwlrq ri wkh srvvleoh rughu
ri pdjqlwxgh ri surw vkliwlqj lq uhdolw|1
Vrph srwhqwldo lqgluhfw vxssruw iru wkhvh uhvxowv fdq eh rewdlqhg e| lqvshfwlqj
frusrudwh wd{ udwhv dqg frusrudwh lqfrph wd{ uhyhqxhv dv d vkduh ri JGS1 Iljxuh
915 sorwv uhyhqxhv dv d vkduh ri JGS dyhudjhg ryhu wkh shulrg 4<:<04<<: djdlqvw
wkh dyhudjh wd{ udwh ryhu wkh vdph shulrg1< Dowkrxjk wkh qxpehu ri gdwd srlqwv
lv vpdoo/ wkhuh vhhpv wr eh qr fruuhodwlrq ehwzhhq dyhudjh wd{ udwhv dqg dyhudjh
uhyhqxhv1 Lq sduwlfxodu/ kljkhu wd{ udwhv gr qrw vhhp wr uhvxow lq kljkhu uhyhqxhv/
rq dyhudjh1 D uhjuhvvlrq ri wd{ uhyhqxhv rq wd{ udwhv |lhogv d frh!flhqw wkdw lv
qhjdwlyh/ exw lqvljqlfdqwo| glhuhqw iurp }hur1 Lqwhuhvwlqjo|/ ri wkh irxu eljjhvw
hfrqrplhv lq Hxursh/ Jhupdq| kdv e| idu kdg wkh kljkhvw dyhudjh frusrudwh wd{
udwh +851:(/ yhuvxv 741:( iru Iudqfh/ 661;( iru Lwdo| dqg 6<( iru wkh X1N1,/
exw wkh orzhvw dyhudjh frusrudwh wd{ uhyhqxh dv d vkduh ri JGS +41;6( yhuvxv
5138( iru Iudqfh/ 6168( iru Lwdo| dqg 616;( iru wkh Xqlwhg Nlqjgrp,1 Wr zkdw
h{whqw wkhvh qglqjv fdq eh dwwulexwhg wr surw vkliwlqj lv dq rshq lvvxh1 Wkhuh
duh pdq| rwkhu fkdqqhov wkurxjk zklfk +uhsruwhg, surwv fdq eh uhgxfhg/ vxfk
dv rxwuljkw wd{ hydvlrq dqg h{whqvlyh ghew qdqflqj ri vxevlgldulhv lq kljk0wd{
frxqwulhv1 Krzhyhu/ ehfdxvh wkh uhyhqxh jxuhv duh h{suhvvhg dv vkduhv ri JGS/
wkh| duh xqolnho| wr eh gulyhq e| uhdo dfwlylw| vkliwv1 D orzhu wd{ udwh zrxog gudz
lq pruh fdslwdo/ wkhuhe| udlvlqj erwk qdwlrqdo surwv dqg JGS1
Lqwxlwlyh uhdvrqlqj pljkw vxjjhvw wkdw d wd{ lqfuhdvh kdv d vwurqjhu hhfw rq
surw vkliwlqj zkhq frusrudwh wd{ udwhv duh douhdg| kljk wkdq zkhq wkh| duh orz1
;Li zh dvvxph wkdw lqwhuhvw lqfrph lv xqwd{hg dw wkh shuvrqdo ohyho/ wklv ￿jxuh idoov wr 5=5(1
Wr frpsxwh wklv ￿jxuh/ frpelqh wkh dvvxpswlrq wkdw wkh ghew2wrwdo dvvhwv udwlr lv 3=8 zlwk wkh
uhtxluhphqw wkdw wkh qhw uhwxuqv rq htxlw| dqg ghew duh htxdo/ wr ￿qg wkdw wkh frpshqvdwlrq
iru ghew kroghuv lq Wdeoh 5 idoov wr 47=95 +zklfk htxdov wkh lqlwldo diwhu0wd{ frpshqvdwlrq iru wkh
vkduhkroghuv,1
<Iru d qxpehu ri frxqwulhv uhyhqxh gdwd zhuh rqo| dydlodeoh iru d vxevdpsoh ri wklv shulrg1 Lq
hdfk fdvh wkh odujhvw srvvleoh vxevdpsoh kdv ehhq wdnhq1 Vrxufh= Wdeoh2Iljxuh D4: lq Hxurvwdw
+4<<;,1
<Wr vhh zkhwkhu wkh hvwlpdwhg  glhuv v|vwhpdwlfdoo| zlwk wkh ohyho ri wkh frusr0
udwh wd{ udwh/ Iljxuh 916 sorwv iru hdfk frxqwu| 	  djdlqvw wkh dyhudjh frusrudwh
wd{ udwh ryhu wkh vdpsoh shulrg1 Wkhuh lv qr v|vwhpdwlf sdwwhuq dqg d uhjuhvvlrq
ri 	  rq wkh dyhudjh frusrudwh wd{ udwh |lhogv lqvljqlfdqw frh!flhqwv1 Dowkrxjk
frxqwu|0vshflf hhfwv frxog glvwxue d srvvleoh uhodwlrq ehwzhhq 	  dqg wkh fru0
srudwh wd{ udwh/ wkh xvh ri frxqwu|0vshflf {hg hhfwv lq rxu uhjuhvvlrqv vkrxog
plwljdwh wklv srvvlelolw|1 Dsduw iurp wkh vpdoo vdpsoh vl}h +49 rehuydwlrqv,/ dq
h{sodqdwlrq iru wkh odfn ri d uhodwlrqvkls frxog eh wkdw frxqwulhv zlwk kljkhu fru0
srudwh wd{ udwhv dovr sxw pruh hruw lq wkh hqirufhphqw ri wkh wudqvihu sulflqj
uxohv1
Fdvh E lq Wdeoh 4 vkrzv wkh hvwlpdwhv iru wkh FHV surgxfwlrq ixqfwlrq zkhq
 lv doorzhg wr ydu| ryhu frxqwulhv1 Wkh hvwlpdwhv iru  duh yhu| vlplodu wr wkrvh
iru wkh Free0Grxjodv surgxfwlrq ixqfwlrq1 Wkh hvwlpdwh iru 4 |lhogv d srlqw
hvwlpdwh ri 	 j ' *E	 4' fe iru wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo
dqg oderu1 Khqfh/ vxevwlwxwdelolw| ehwzhhq fdslwdo dqg oderu lv eduho| vwurqjhu
wkdq iru d Free0Grxjodv surgxfwlrq ixqfwlrq1
Wdeoh 4 dovr jlyhv wkh dyhudjh hvwlpdwh iru  zkhq  lv doorzhg wr ydu| dfurvv
vhfwruv +fdvhv F dqg G,1 Wkh prwlydwlrq iru doorzlqj  wr ydu| dfurvv vhfwruv lv
wkdw wkh vfrsh iru vkliwlqj lqfrph pd| glhu v|vwhpdwlfdoo| dfurvv vhfwruv1 Iru
h{dpsoh/ d sulrul/ rqh zrxog h{shfw h{whqvlyh surw vkliwlqj lq vhfwruv grplqdwhg
e| odujh pxowlqdwlrqdov dqg d orw ri lqwud0lqgxvwu| wudgh1 Iru wkrvh vhfwruv/ d
jlyhq ghyldwlrq ri wkh wudqvihu sulfh iurp wkh dup*v ohqjwk sulfh lpsolhv d odujhu
vkliw lq surwv1 Vlploduo|/ rqh zrxog h{shfw wkdw lq vhfwruv zkhuh lqwdqjleohv +iru
h{dpsoh/ lqwhoohfwxdo surshuw| uljkwv, duh pruh lpsruwdqw/ surw vkliwlqj lv pruh
suhydohqw +wklv lv dovr frquphg e| wkh prgho lq Dsshqgl{ D,1 Wkh uhdvrq lv wkdw
lw lv uhodwlyho| gl!fxow wr hvwdeolvk wkh surshu dup*v ohqjwk sulfh iru lqwdqjleohv/
vr wkdw wkh pdujlq iru wkh pdqlsxodwlrq ri lqwudup sulfhv lv odujhu1 Wkh hvwlpdwh
ri  qrz gursv/ exw lw lv vwloo kljko| vljqlfdqw dqg wkh dprxqw ri wd{ uhyhqxh orvw
iurp surw vkliwlqj lv vwloo odujh1 Iroorzlqj wkh h{dpsoh lq Wdeoh 5/ wkh gurs lq
frusrudwh wd{ uhyhqxhv +frpsduhg wr zkhq surw vkliwlqj lv devhqw, uhvxowlqj iurp
d xqlodwhudo rqh0shufhqwdjh srlqw lqfuhdvh lq wkh wd{ udwh lv qrz hvwlpdwhg dw DI1
Wkh vhfwruv zkhuh surw vkliwlqj vhhpv wr eh odujhvw duh Lqgxvwuldo Fkhplfdov
+V6843,/ Rwkhu Fkhplfdov +V6853,/ Lurq dqg Vwhho +V6:43, dqg Qrq0Ihuurxv Phwdov
+V6:53,1 Rwkhu Fkhplfdov dovr lqfoxghv skdupdfhxwlfdo surgxfwv/ iru zklfk
U)G dqg/ khqfh/ lqwhoohfwxdo surshuw| duh uhodwlyho| lpsruwdqw1
8151 Urexvwqhvv fkhfn
Zh qrz dgguhvv krz urexvw rxu hvwlpdwhv ri wkh vhqvlwlylw| ri surw vkliwlqj zlwk
uhvshfw wr wd{ udwh glhuhqfhv duh iru glhuhqw dvvxpswlrqv derxw wkh suhvhqfh
43ri {hg frxqwu|/ vhfwru ru wlph hhfwv1 Ehfdxvh wkh vxevwlwxwdelolw| ri fdslwdo
dqg oderxu hvwlpdwhg iru d FHV surgxfwlrq ixqfwlrq eduho| glhuhg iurp wkh
vxevwlwxwdelolw| xqghu d Free0Grxjodv vshflfdwlrq dqg ehfdxvh wkh hvwlpdwhv
iru  lq erwk fdvhv zhuh yhu| forvh/ Wdeoh 6 uhsruwv wkh uhvxowv rqo| iru wkh Free0
Grxjodv vshflfdwlrq1 Dv iru wkh edvholqh uhvxowv/ jhqhudoo| wkh vwurqjhvw hhfwv
ri wd{ udwh glhuhqfhv rq wkh ydoxh0oderu udwlr duh rewdlqhg li  lv doorzhg wr
ydu| ryhu frxqwulhv udwkhu wkdq ryhu vhfwruv1 Lq doprvw doo ri wkh fdvhv 	  uhpdlqv
+kljko|, vljqlfdqw dw frqyhqwlrqdo frqghqfh ohyhov1
91 Frqfoxvlrq
Zh kdyh lqyhvwljdwhg iru RHFG frxqwulhv wr zkdw h{whqw glhuhqfhv lq wd{ udwhv
ohdg wr surw vkliwlqj +zklfk lv xquhodwhg wr vkliwv lq uhdo dfwlylw|,1 Lq frqwudvw wr
prvw ri wkh suhfhglqj olwhudwxuh/ zklfk xvhv hlwkhu pdfurhfrqrplf gdwd ru up0
ohyho gdwd/ rxu hpslulfdo dqdo|vlv zdv edvhg rq vhfwrudo gdwd1 Rxu uhvxowv lqglfdwh
wkdw wkh vl}h ri surw vkliwlqj lv vljqlfdqw dqg odujh= d edfn0ri0wkh0hqyhorsh
fdofxodwlrq iru rxu edvholqh hvwlpdwh vxjjhvwv wkdw/ rq dyhudjh/ d xqlodwhudo rqh0
shufhqwdjh srlqw lqfuhdvh lq wkh wd{ udwh ohdgv wr d wkuhh shufhqw idoo lq frusrudwh
wd{ uhyhqxhv frpsduhg wkh fdvh lq zklfk wkh wd{ edvh/ +uhsruwhg, frusrudwh surwv/
lv xqfkdqjhg1 Rxu uhvxowv duh urexvw ryhu d zlgh ydulhw| ri hpslulfdo vshflfdwlrqv1
Pruhryhu/ dvvxplqj FHV lqvwhdg ri Free0Grxjodv surgxfwlrq whfkqrorj|/ dqg
wkxv doorzlqj iru vkliwv lq idfwru vkduhv lq uhvsrqvh wr fkdqjhv lq wkh zdjh0uhqwdo
udwlr/ grhv qrw dhfw rxu uhvxowv1 Wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq oderu dqg
fdslwdo glhuv vwdwlvwlfdoo| frpsduhg zlwk Free0Grxjodv whfkqrorj|1 Krzhyhu/
txdqwlwdwlyho| vshdnlqj/ wkh glhuhqfh lv yhu| vpdoo1
Zh qhhg wr hpskdvl}h wkdw rxu hvwlpdwhv/ li fruuhfw/ duh olnho| wr frqvwlwxwh
rqo| d orzhu erxqg rq wkh hhfw ri wd{ udwh fkdqjhv rq uhsruwhg surwv1 Iluvw/ eh0
vlghv wudqvihu sulflqj/ wkhuh duh rwkhu fkdqqhov iru vkliwlqj surwv1 Rqh surplqhqw
fkdqqho lv wkh h{whqvlyh xvh ri ghew frqwudfwv ehwzhhq uhodwhg sduwlhv lq glhu0
hqw frxqwulhv1 Vhfrqg/ rxu hpslulfdo dqdo|vlv kdv devwudfwhg iurp wkh srvvlelolw|
ri uhdo dfwlylw| vkliwv +zklfk dhfwv wkh dprxqw ri fdslwdo dqg/ wkxv/ wkh vfdoh dw
zklfk rshudwlrqv wdnh sodfh,1 Zlwk gdwd rq fdslwdo vwrfnv/ rqh frxog/ lq sulqflsoh/
dovr hvwlpdwh wkh hhfw ri wd{ udwh fkdqjhv rq uhdo dfwlylw|1 Wkh rxwfrphv iurp
vxfk dq dqdo|vlv vkrxog eh lqwhusuhwhg zlwk fduh/ wkrxjk/ ehfdxvh pdq| frxqwulhv
lq rxu vdpsoh kdyh xqghujrqh pdmru vwuxfwxudo hfrqrplf uhirupv ri zklfk wkh
hhfw rq uhdo dfwlylw| pd| eh kdug wr ghwhuplqh1
Rxu uhvxowv vxjjhvw wkdw/ lq sulqflsoh/ wkh uhyhqxhv iurp vwulfwhu hqirufhphqw
ri wkh uxohv rq wudqvihu sulflqj fdq eh txlwh kljk1 Krzhyhu/ wkh vfrsh iru wudqvihu
sulflqj/ ru surw vkliwlqj lq jhqhudo/ zlwklq d pxowlqdwlrqdo lv wljkwo| olqnhg wr
wkh vfdoh dw zklfk lw rshudwhv1 Wljkwhu hqirufhphqw ri wkh uxohv lq d kljk0wd{
44frxqwu| phdqv wkdw wkh qhw uhwxuq rq lqyhvwphqwv idoov dqg/ khqfh/ lw fduulhv
wkh ulvn wkdw uhdo dfwlylw| lv vkliwhg wr rwkhu frxqwulhv zlwk orzhu wd{hv ru od{hu
hqirufhphqw143 Wkhuhiruh/ hqirufhphqw ri wudqvihu sulflqj uxohv lv w|slfdoo| d fdvh
zkhuh lqwhuqdwlrqdo frruglqdwlrq pd| eh qhhghg1 H{dpsohv duh wkh h{fkdqjh ri
lqirupdwlrq derxw wkh dfwlylwlhv ri pxowlqdwlrqdov dqg djuhhphqwv derxw plqlpxp
hqirufhphqw vwdqgdugv ru frpprq wudqvihu sulfhv +iru h{dpsoh/ vhh Pdqvrul dqg
Zhlfkhqulhghu/ 4<<<,1
Uhihuhqfhv
^4` Eduwhovpdq/ Hulf M1 dqg Pdun Grpv/ 5333/ Xqghuvwdqglqj Surgxfwlylw|=
Ohvvrqv iurp Orqjlwxglqdo Plfur Gdwd/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
+iruwkfrplqj/ Vhswhpehu 5333,1
^5` Eluqlh/ M1H1/ 4<<9/ Frpsdudwlyh Surgxfwlylw| lq Luhodqg= Wkh Lpsdfw ri
Wudqvihu Sulflqj dqg Iruhljq Rzqhuvkls/ lq Zdjqhu/ N1 dqg E1 ydq Dun +hgv1,/
Lqwhuqdwlrqdo Surgxfwlylw| Glhuhqfhv> Phdvxuhphqw dqg H{sodqdwlrqv/H o v h 0
ylhu/ Dpvwhugdp1
^6` Hxurvwdw/ 4<<;/ Vwuxfwxuhv ri wkh Wd{dwlrq V|vwhpv lq wkh Hxurshdq Xqlrq
4<:304<<9/ Hxurshdq Frppxqlwlhv/ Ox{hperxuj1
^7` Juxehuw/ Kduu|/ 4<<;/ Wd{hv dqg wkh Glylvlrq ri Iruhljq Rshudwlqj Lqfrph
dprqj Ur|dowlhv/ Lqwhuhvw/ Glylghqgv dqg Uhwdlqhg Hduqlqjv/ Mrxuqdo ri Sxe0
olf Hfrqrplfv 9;/ 59<0<31
^8` Juxehuw/ Kduu| dqg Mrkq Pxwwl/ 4<<4/ Wd{hv/ Wdulv dqg Wudqvihu Sulflqj lq
Pxowlqdwlrqdo Frusrudwh Ghflvlrq Pdnlqj/ Uhylhz ri Hfrqrplfv dqg Vwdwlv0
wlfv 9;/ 5;80<61
^9` Juxehuw/ Kduu| dqg Mrho Vohpurg/ 4<<;/ Wkh Hhfw ri Wd{hv rq Lqyhvwphqw
dqg Lqfrph Vkliwlqj lqwr Sxhuwr Ulfr/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv
:8/ 6980:61
43Lq 4<<5/ Jhupdq| lpsrvhg d uhvwulfwlrq wkdw olqnhg wkh dprxqw ri Jhupdq0wd{ h{hpsw
sdvvlyh lqfrph jhqhudwhg e| Lulvk vxevlgldulhv ri Jhupdq pxowlqdwlrqdov wr wkh dprxqw ri dfwlyh
lqfrph jhqhudwhg e| wkh Lulvk vxevlgldulhv1 Zhlfkhqulhghu +4<<9, dujxhv wkdw wklv frxog zhoo kdyh
lqgxfhg Jhupdq pxowlqdwlrqdov wr vwduw xvlqj wkhvh vxevlgldulhv +zklfk zhuh ruljlqdoo| vhw xs iru
￿qdqfldo lqyhvwphqw sxusrvhv, iru orfdo surgxfwlrq/ wkhuhe| vkliwlqj uhdo dfwlylw| iurp Jhupdq|
wr Luhodqg1
45^:` Kduulv/ Gdylg J1/ 4<<6/ Wkh Lpsdfw ri X1V1 Wd{ Odz Uhylvlrq rq Pxowlqd0
wlrqdo Frusrudwlrqv* Fdslwdo Orfdwlrq dqg Lqfrph0Vkliwlqj Ghflvlrqv/ Mrxuqdo
ri Dffrxqwlqj Uhvhdufk 64 +Vxssohphqw,/ 4440731
^;` Klqhv/ Mdphv U1/ 4<<9d/ Dowhuhg Vwdwhv= Wd{hv dqg wkh Orfdwlrq ri Iruhljq
Gluhfw Lqyhvwphqw lq Dphulfd/ Dphulfdq Hfrqrplf Uhylhz ;9/ 43:9043<71
^<` Klqhv/ Mdphv U1/ 4<<9e/ Wd{ Srolf| dqg wkh Dfwlylwlhv ri Pxowlqdwlrqdo Fru0
srudwlrqv/ QEHU Zrunlqj Sdshu/ Qr188;<1
^43` Klqhv/ Mdphv U1 dqg Hulf P1 Ulfh/ 4<<7/ Ilvfdo Sdudglvh= Iruhljq Wd{ Kdyhqv
dqg Dphulfdq Exvlqhvv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43</ 47<0;51
^44` Pdqvrul/ Ndvkli V1 dqg Doirqv M1 Zhlfkhqulhghu/ 4<<</ Wd{ Frpshwlwlrq dqg
Wudqvihu Sulflqj Glvsxwhv/ Plphr/ Froe| Froohjh dqg FHV1
^45` Qhzorq/ W1 Vfrww/ 4<<:/ Wudqvihu Sulflqj dqg Lqfrph Vkliwlqj lq Lqwhjudwlqj
Hfrqrplhv/ plphr/ X1V1 Ghsduwphqw ri wkh Wuhdvxu|1
^46` RHFG Vwdwlvwlfv/ 4<<</ Wkh RHFG VWDQ Gdwdedvh iru Lqgxvwuldo Dqdo|vlv/
RHFG/ Sdulv1
^47` Udmdq/ Udjkxudp J1 dqg Oxljl ]lqjdohv/ 4<<8/ Zkdw Gr Zh Nqrz derxw
Fdslwdo VwuxfwxuhB Vrph Hylghqfh iurp Lqwhuqdwlrqdo Gdwd/ Mrxuqdo ri
Ilqdqfh 83/ 8/ 4754047931
^48` Urhjhu/ Zhuqhu/ 4<<8/ Fdq Lpshuihfw Frpshwlwlrq H{sodlq wkh Glhuhqfh
ehwzhhq Sulpdo dqg Gxdo Surgxfwlylw| PhdvxuhvB Hvwlpdwhv iru XV Pdqx0
idfwxulqj/ Mrxuqdo ri Srolwlfdo Hfrqrp| 436/ 5/ 64906631
^49` Zhlfkhqulhghu/ Doirqv M1/ 4<<9/ Iljkwlqj Lqwhuqdwlrqdo Wd{ Dyrlgdqfh= Wkh
Fdvh ri Jhupdq|/ Ilvfdo Vwxglhv 4:/ 4/ 6:08;1
Dsshqgl{ D= D plfurirxqgdwlrq iru +615,
Frqvlghu d zruog zlwk wzr frxqwulhv/  dqg 1 Wkhuh lv d frqwlqxxp ri doo0
htxlw| qdqfhg pxowlqdwlrqdov rq wkh lqwhuydo dfco1 Frpsdqlhv duh lghqwlfdo lq
doo uhvshfwv/ h{fhsw wkdw wkh| pd| glhu lq wkh orfdwlrq ri qdo jrrg surgxfwlrq1
Pxowlqdwlrqdov dfc?o uhvlgh dqg surgxfh lq / zkloh pxwlqdwlrqdov E?co uhvlgh








zkhuh u￿ dqg u￿ duh oderu lqsxwv dqg g lv fdslwdo1 Surgxfwlrq uhtxluhv wkh xvh
ri dq lqwdqjleoh zklfk lv lq {hg vxsso| M1 Wkh lqwdqjleoh fdq/ iru h{dpsoh/ eh
wkh sdwhqw rq d surgxfwlrq surfhvv1 Lw lv rzqhg e| dq d!oldwh ri wkh pxowlqdwlrqdo
orfdwhg lq wkh frxqwu| rwkhu wkdq zkhuh wkh surgxfwlrq ri wkh qdo jrrg wdnhv
sodfh1
Pxowlqdwlrqdov pd{lpl}h wkh vxp ri diwhu0wd{ surwv +plqxv d qh iru surw
vkliwlqj, lq hdfk ri wkh frxqwulhv zkhuh wkh| duh dfwlyh1 Erwk frxqwulhv xvh wkh
h{hpswlrq v|vwhp iru uhvlghqwv* lqfrph jhqhudwhg deurdg1 Khqfh/ pxowlqdwlrqdov
dfc?o iurp frxqwu|  pd{lpl}h=
Z
6  E  ￿Z￿ nE  ￿Z￿  s E￿











￿M  s E￿c
zkhuh s l vw k h q d oj r r gs u l f hd q g lv wkh zdjh udwh1 Erwk duh htxdo dfurvv wkh
wzr frxqwulhv1 Ixuwkhu/ ￿ lv wkh wd{ udwh lq frxqwu|  + ' c,1 5A
￿ ' 5 E n ￿
lv wkh sulfh fkdujhg iru wkh xvh ri wkh lqwdqjleoh1 Khuh/ 5 lv wkh dup*v ohqjwk
+pdunhw, sulfh/ zkloh  lv d pdunxs lpsrvhg lq rughu wr vkliw lqfrph dfurvv
erughuv1 Ilqdoo|/ s E￿ lv d shqdow| +d qh, iru wkh xvh ri wkh lqfruuhfw wudqvihu
sulfh1 Zh dvvxph wkdw s￿E￿'firu ￿ 'f 1P r u h r y h u / s lv srvlwlyh dqg
vwulfwo| frqyh{ lq ￿/ wr lqglfdwh wkdw wkh qh lqfuhdvhv pruh wkdq sursruwlrqdoo|
lq wkh vl}h ri wkh pdunxs dqg2ru wr lqglfdwh wkdw wkh fkdqfhv ri ehlqj fdxjkw duh
lqfuhdvlqj lq wkh vl}h ri wkh pdunxs1
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￿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￿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E￿  ￿5M ' ￿
Lq rwkhu zrugv/ wkh odujhu wkh wd{ udwh glhuhqwldo ￿  ￿ ehwzhhq wkh wzr
frxqwulhv/ wkh kljkhu wkh pdunxs dqg wkxv wkh odujhu wkh dprxqw ri surw vkliwlqj
iurp  wr 1
47Pxowlqdwlrqdov zlwk surgxfwlrq orfdwhg lq  pd{lpl}h=
Z











￿M  s E￿c
zkhuh 5A
￿ ' 5 E n ￿ dqg s EK'￿
22
￿1 Jrlqj wkurxjk wkh rswlpl}dwlrq surfh0
gxuh qrz |lhogv=
u￿ ' ks'￿c
E￿  ￿5M ' ￿
Khqfh/ ￿ ' ￿1
Xvlqj wkhvh uhvxowv/ zh fdq qrz ghulyh wkh udwlr ri wrwdo +ri doo upv, ydoxh





















































2 E￿  ￿c
Wklv h{suhvvlrq ohdgv wr wkh iroorzlqj hpslulfdo suhglfwlrqv1 Iluvw/ dq lqfuhdvh lq
wkh wd{ glhuhqfh (  ￿￿ lpsolhv d uhgxfwlrq lq AT￿
Au￿1 Vhfrqg/ wkh uhgxfwlrq
iru d jlyhq lqfuhdvh lq ( lv odujhu/ wkh odujhu wkh dprxqw ri lqwdqjleohv/ M1
48Dsshqgl{ E= Wkh gdwd
Frxqwulhv lqfoxghg=
Dxvwudold/ Dxvwuld/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/




6433 Irrg/ ehyhudjhv/ wredffr
6533 Wh{wlohv/ zhdulqj dssduho/ ohdwkhu dqg ohdwkhu surgxfwv/ irrwzhdu
6633 Zrrg surgxfwv/ ixuqlwxuh dqg {wxuhv
6733 Sdshu surgxfwv/ sulqwlqj dqg sxeolvklqj
6843 Lqgxvwuldo fkhplfdov
6853 Rwkhu fkhplfdov
6933 Srwwhu| dqg fklqd/ jodvv surgxfwv/ qrq0phwdoolf surgxfwv qhf









Wdeoh 4= Edvholqh hvwlpdwhv
fdvh  ydulhv e| surg1 ixqfwlrq 	 S 	  	 4 -2 77.
D frxqwu| Free0Grxjodv S ffD2 feb f
Effb. Eff2
E frxqwu| FHV S ffeb ffe fDb f
EeD Efff Effb2
F vhfwru Free0Grxjodv S2 ff2b feb f
EffS2 EfffH
G vhfwru FHV 2.f ffD ff fDH f
E Efff. Effb2
Qrwhv= +4, surg1 ixqfwlrq ' surgxfwlrq ixqfwlrq/ 	 S ' hvwlpdwh ri S/ 	  '
hvwlpdwh ri  +dyhudjhg ryhu frxqwu|0 ru vhfwru0ydu|lqj sdudphwhuv/ zkhqhyhu
uhohydqw,/ 	 4 ' hvwlpdwh ri 4/ 77. ' vwdqgdug huuru ri uhjuhvvlrq1
+5, Qxpehuv ri revhuydwlrqv lv 74331
+6, Vdpsoh shulrg lv 4<:<04<<:1
Wdeoh 5= Hhfw ri d xqlodwhudo wd{ udwh lqfuhdvh
lqlwldo udwh ' . DI qhz udwh ' H DI
ydoxh0dgghg ff E  	   ff ' bbeH
oderu vkduh lv 	 S3￿ ' S3￿ S2 S2
frpshqvdwlrq ghew surylghuv fDEff  S2 ' b b
+uhsruwhg, surwv ehiruh wd{hv b HeH
frusrudwh wd{ uhyhqxh f.D  b ' .2D fHD  HeH ' .D
Qrwhv= dvvxphg udwlr ri ghew wr wrwdo dvvhwv lv fD1 Ehfdxvh hpsor|phqw dqg
ghew frqwudfwv duh jlyhq/ frpshqvdwlrq iru oderu dqg ghew surylghuv uhpdlqv
xqfkdqjhg zlwk wkh wd{ lqfuhdvh1
4:Wdeoh 6= Urexvwqhvv fkhfn +Free0Grxjodv,1
SSr|  ydulhv e| 	  re -2 77.
frqvwdqw frqvwdqw ff.D fff.2 f2D f2D
frqvwdqw S f ff2 f.f f2e
frqvwdqw r ff.D fff.2 fH f2D
S frqvwdqw ff2 fffbS f2 f2f
S S ff ffD f2 f2f
S r ff. fffbe f2 f2f
r frqvwdqw ff.H fffS2 f2H fH
r S f2 fff fe f.
r r ff.D fffSD f2b fH
| frqvwdqw ff.. fff.e feD f2e
| S ffHb ff f f2
| r ff.. fff. fDH f2e
Scr frqvwdqw fff fff.H feS fe
Scr S ffS2 ff2 fe. fe
Scr r ff22 fffH2 fe. fe
Sc| frqvwdqw ff2H fffbb f2 f2f
Sc| S ff22 ffS f2 f2f
Sc| r ff22 fffbH f2e fb
rc| frqvwdqw ffHf fffS ff fH
rc| S ff ff f. fS
rc| r ff.. fffSD f fH
Scrc| frqvwdqw ff. fffHf feH f
Qrwhv= +4, Lq wkh uvw froxpq/ S ' frxqwu| gxpplhv/ r ' vhfwru gxpplhv dqg
| ' wlph gxpplhv1 +5, Lq wkh vhfrqg froxpq/ S '  ydulhv e| frxqwu| dqg r ' 
ydulhv e| vhfwru1 +6, 	  ' hvwlpdwh ri  +dyhudjhg ryhu frxqwulhv ru vhfwruv/ zkhq
uhohydqw,/ re ' vwdqgdug huuru ri 	 / 77. ' vwdqgdug huuru ri uhjuhvvlrq1 +7,
Qxpehu ri revhuydwlrqv lv 74331
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Iljxuh 916=
53